Organic ElcctroLumincsccnt Device 
Compensated Pixel Driver Circuil 

y ^Th. present invention relates to an oi^anic electrolun^^td^ce and particularly to a 
compensated pixd driver circuit thereof. >s. 

An organic electR,.luniinescent device (OELD) cowdsts of a light emittta^obrmer (LEP) 
Uiyer sandwiched between an anode layer and a cathode layer. Elei^c^^^ 
likeadiode. OpticaUy. it enrits light when fonvard biased and the intensity of 
i^reases with the foiwani bias current It is possible to constnxct a ^^^^ 
S ofOELDsf»ric8tedonatnmsparents«bstr^eand>vithoneoftheelec^^ 

I transpaitnt One can also integrate the driving circ™^ 

W temperature polysiliconthinfilmtnmsistorCTFO 

In a basic analog driving scheme for an active matrix OEUD display, a «ri^ 

„3nsistois are required per pixel (Figure 1): is for addressing the pixel and T, is for convening 
thedatavoltagesisnalintocuxrentwhichdrivestheOElX)3Xadesignatedbright^^ thedata 
signal is storedby the stooge capacitor Cstorage when the pixel is not addressed. Although 
p-cbannel TFTs ate shown in the figures, the same principle can also be applied for a ci«uit with 

n-channei TFTs. 

Therc are problems assodated with m analog circuits and 

perfect diodes. The LEP material does, however, have relatively unifonn characteristics. Due to 
the nature of the TFT febrication technique, spatial variation of the TFT characteristics exists 
over .he entire panel. One of the most important considerations in a TFT analog circuit is the 
variation of threshold voltage. AVx, from device to device. The eflfcet of such variation in an 
OEI^ dispby. «ac«bated by the non perfeoi diode bduiviour, U the non-unifom 



ru 




brightness oVer the display panel, which seriously affects.the image quality. Therefore, a built-in 
compensation circuit is required. 

A simple flireshold voltage variation compensation, current driven, circuit has been 
proposed. The cunent driven circuit, also known as the cunent programmed thre3hold^roltage 
compensation circuit is illustrated in figure 2A. In this circuit. Ti is for addressing the pixel. T2 
operaws as an analog cmteni control to provide the driving current. T3 connects between the 
drain and gate of T2 and toggles T2 to be either a diode or in saturation. T4 acts as a switch. 
Eiiher Ti or T4 can be ON at any one time. Initially. Ti and T3 are OFF. and T4 is ON. When 
T4 is OFF, Ti and T3 are ON. and a current of known value is allowed to flow into the OELD. 
through T2. This is the programming stage because the threshold voUage of Ti is measured wife 
T2 operating as a diode (with T3 turned ON) while the programming current is allowed to flow 
through Ti , through T2 and into the OELD, T3 shoits the drain and gate of T2 and turns T2 in to 
a diode. Tbe detected threshold voltage of T2 is stored by the capacitor Cj connected between 
die gate and source terminals of T2 when T3 and Ti are switched OFF. Th«i T4 is turned ON. 
the current is now provided by Vdd. If the slope of the output characteristics were flat, the 
reproduced cunent would be the same as the programmed cuixent for any threshold voltage of T2 
detected. By turning ON T4, the drain-source voltage of Ta is puUed up, so a flat output 
characteristic will keep tiie reproduced cuffent the same as the programmed current. Note ^ 

AVt2 shown in figure 2A is imaginary, not real. 

A constant current is provided, in theoiy, during the active progranmiing stage, which is 

t3 to t4 in the timing diagram shown in figurc 2A. The reproduction stage starts at 15 and ends at 

ti of the next cycle. 



In prartice, there is always a dope in the output characteriBtios. so the re^^^^ 
is not the same as the programmed current. This issue limits the device channel length of the 
polysiUcon TFTs because of the increase of the short channel effect in polysiUcon TFT;; when the 
device channel length gets smaller. Simulations show that the variation between the reproduced 
current and piogranunedcurrait is unacceptable for L«4Mm and below, "nus limitation on the 
design of transistor Tz is a very serious praciical problem, especially when small data eunents 
are used. It is therefore important to find a technique that will provide good compensation in 

short chaimel devices. 

the driving waveforms used are iJiDwn in timing chart fashion in figure 2B. The 

I tt„«hold voltage Vt shown at the bottom of figure 2B is that for tra^^ Ascanbese«» 
I fipm figure 2B, this threshold voltage has a range of --IV to +1V. Such a range is much larger 
5 than the variation aVj across a practical OELD matrix. 

ni Typical variation between the reproduced curreffl and programmed current supp^^ 

U OELD is iUuatrated in figure 2C. Figure 2C iUustrates three cycles of OELD cunent supply: one 
W from 0 to 30^15. one ftom 30ns to eOjis. and one from 60,is to 90>is. The first half of each of 
S these cycles is the programming stage and the second half of the cycle is the reproduction stage. 
^ It is to be noted that the current ouiput levels in the reproduction stage compared with those in the 
corresponding program stage arc remarkably different frDiii each other. 

According lo a fi^t aspect of the present invention there is provided a compensated pixel 
driver circuit for an organic electroluminescent device, wherein the circuit comprises a unity gain 
buffer. Preferably the unity gain buffer is implememed as an operational amplifier. 

According to a second aspect of the present invention there is provided a method of 
compensating the cunent supply ^ an organic electroluminescent pixel comprising the step of 
using a uni^ gain buffer to provide a iself adjusting load. 
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^ Accoiding to a third aspect of the present invention th^ is provided an organic 
electroliizninescent display device comprising one or more compensated pixel driver cij^ts 
according to the fiist aspect of the invention. 

Embodiments of toe present invention will no>¥ be described by way of example only and 
with refcrmce to the accompanying drawings, in which:- 
-TT* h J shows a conventional OELD pixel driver cireuit using two transistcns. 

Figure"! shows a cuiicnt programmed OELD driver with threshold voltage compensation, 
Fifei»e 3 shows a compensated pixel driver circuit according to an embodiment of flie 
present invention. 

Figure 4 is a table of requiremoits for one specific exanq>le of an opaatiohal amplifier 

y 

which can be used in the circuit of figure 3, 

Figure S is an example of a circuit for implementing the operational amplifia shown in 
=Jj figures, 

^ Figure 6 is a graph illustoating the unity-gain buffer characteristics of fhe compensating 

cireuit of figures. 

nJ Figure 7 is a graph illustrating the total required supply current, 

i-i. 

O Figure 8 is a driving wavefonn timing diagram, and . 

Figure 9 illustrates the current output to ihe OELD using the cireuit of figure 3. 
A compensated pixel driver-circuit according to an embodmaent of tfte present myenbon is 
shown in figure 3. Compared with the cireuit of figure 2, there is added an operational amplifier 
OpAn^ A, a capacitor C2 and a transistor Ts- As shown in figure 3. Vaat of tbe QpAnqp is 
connected to the inverting input V_ thereof. The OpAmp thus has unity gain. Capacitor C2 
ensures a sample and bold Auction and transistor T5 acts as a control switdl to store the voltage 
on C2> In effect the cireuit provides a self-adjusted load or vohage souree (Vop) and by Uitts 



avoided. I„i.-sg»«icfcn..fl«OpA.npAisa.^^g»inbufl^h.vmgh-sinpute».^ 

t«Mistot T* the input *«ns connected to EnMnd vi. ov^Sto' Cj. 

«^Assl»«™infig™3..TFTcp^c«l«npMerc«^«""npl=">^'-"M'^ 
.^„pro,id..v=ri*,.V„„,o,.«Ldr-n^»reevolt.«.ofT^in.h.r,^ 

i.,hc«mc».h-d»ri«,h.p»S«=nA««e. D.ni«.hepxoBr^.«ag^.J..volt.g.« 

output of the OPAW *«^ly -^"-V 

. tt„uBhTz.Thedriviugw«eft»mi..hc4="'^*"''°"*°^"'*^^ 

] B«p.ognuncu.r=atp.*i.fton.Vi,D2th«.u*«=*=V4,T,.T2«.dtheOELD.Thc 

j «p„d»e.ioneu™a.p«hi.te»VDD,.fl»»*«ta<*A-*-^»^ 

■ OELD. 

^ . to,heei«ritoffig««3>e»rfUMj.atp=h.tV4i.e.U»t,nti»»y««»™''"*= 

i ^d^tio. cycle .0 the voltage « .hat point .he prognnnnungcyel. Addit^ 

5 hi*Op.o-l«pC3.to(OLG)i.uo.l«..*«liucou,«t,ou».iTFTcixcd.a. An -ivautage of 

" .,een*odi„«*afth.p».-«i.«.««i«.»'«-"«*"'-*-''°^'^ 
during the r.p»au«ion eyete is leas sen^Uvc .c the vaHitio. in the o»^ 

«^AV„de.~ti«>of,h..«n.pe«enUg.a™. Purth="O«.*«0P^^ 

are not stringent. 

Fignie 5 is a ci«ui. diagnu. of one .a««ement in.pl=m«,ting the OpAmp aho«m i. 
figu« 3. The specific Te,uirem=«a for this ci«uit .« shP«n in the of flgun, 4. Of 

p.rticul.rno»Uth.,nini».loff-.- voltage Typically tMs.nigMb.a«^«^Uivol..,i^ 



to the variation of several volts which may typically arise in the conventional arrangement due tp 
the slope of the output characteristics. The circuit of figure 5 essentiaUy consists of a differential 
pair circuit and a driver. The differential pair circuit comprises the top two transistors corine«ed 
to the VpDl respective transistors having their gates providing the two input terminals 

oftheOpAmp. and the transistor whose gate receives Vt,i,3l. The output driver composes a 
transistor receiving at its gate and a transistor connected between the VpDl »il and 



Vout- 



All of the transistors of the circuit of figure S are -riTs having a channel length of lOjun 
(in contrast to Tj). This channel length avoids the devices being stressed by the high value of 
Vdd- Tlxe transistor connected between the VpDl rail and Vout 1«« » "^^^^ of lOOjim 
in order to ensure sufficient cui«ait output. The area required to implement the circuit of figure 5 
can be reduced by varying the W/L absolute size ratio of the transistors, subject to a 
corresponding reduction in the maximum drive current. The ^ace occupation value of 270nm x 
70>im given in the table of figure 4 can. for example, be reduced to approximately iSO^im x 
10Mm.subjecttoareductioninihemaximumdrivecurrentfrom5jiAtolii^A. However, in 

practice a maximum drive current of \)iA mi^t suffice (as indicated in figure 4). 
In the-specific example given, the cuirentlDP flowing through the differs 

has a nuociiiium value of I and the current loB flo^oB 

maximum value of 5|iA- The additional cuiicnt required by the presence of the OpAmp is thus 
minimal. 

Figure 6 is a graph illustrating the unity-gain buffer characteristics of the compensating 
circuit of figure 3. As shown, the plot of Vo^t against V+ is the same for both the load and the 



no-load conditions. The load condition is SMQ. which corresponds to a current oflpA through 
theOELD. 

The total current supply required by the QpAmp of figure 3, in one specific example, is 
shown in figure 7. The total current supply required is that required by tlie differential pair 
circuit (figure S), that required by the OpAnrp driver circuit (figure 5) and that required to drive 
flic OELD. Again load (SMQ) and no-load condifions are shown. 

The driving waveforms used with one implementation of the circuit of figure 3 are shown 
in timing chart fashion in figure 8. Of course, the threshold voltage Vy shown at the bottom of 
figuT* 8 is that for transistor Tj^ As can be seen firom figure 8, this threshold voltage has a range 
of -IV to +1 V. Such a range is much larger than the variation AVj across a practical OELD 
matrix. Threshold variation AVt in other transistors (Ti,T3/T4,T5) have tittle effect as th^ 
are used as switahes and operate under voltage ranges greater than AVj. 

The ou^ut current supplied to the OELD using the circuit of figure 3 is illustrated in 
m figure 9. Fipac 9 illustrates three cycles of OEU3 current stipply: one from 0 to 30^8. one from 
|I 30,lsto60lls.andonefiom60^lsto90|ls. Thcfirsthalf of each of these cycles is, of course, the 
programming stage and the secondhalf of the cycle is the reproduction stage. In each bycle. fiw 
difieient program curroits are iUustrated (ie vertically- at 0.2. 0.4. 0.6. 0.8 and 1.0). It is to be 
noted ifaai the eurreni output levels in the rqiioducUon stage «»mpa^ 
corresponding program stage are remaitobly close. The comparison is sUgbtly less good for 
larger program currents, but is still relatively small. Moreover, the difference can be predicted 
(as shown in figure 9) and can therefore be included in a gamma compensation (eg use 1.1 |iA 
instead of 1 ^ in the programnung stage). 
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It will be apparent to persons skilled in the art that variations and modifications can be 
made to tbe airangemerits described with respect to figure 3 to 9 without departing from the 
scope of the mveation. 



